Participants used maps and other navigational aids to search desk-top (non-immersive) virtual environments (VEs) for objects that were small and not visible on a global map which showed the whole of a VE and its major topological features. Overall, participants searched most efficiently when they simultaneously used both the global map and a local map which showed their immediate surroundings and the objects' position. However, after repeated searching the global map on its own became equally effective. When participants used the local map on its own their spatial knowledge developed in a manner which was previously associated with learning from a withinenvironment perspective, rather than a survey perspective. Implications for the use of maps as aids for VE navigation are discussed.
simulation and, at specific times were asked to compare their marked position on the map with their view out of the cockpit and say whether the position marked on the map was correct. Participants' reaction times were significantly quicker when using either the forward-up map, or the visual momentum map than when using the north-up map.
After completing each flight, participants were asked to sketch a map of the environment, and they correctly positioned significantly more landmarks when using either the north-up map, or visual momentum map than when using the forward-up map.
A note of caution comes from Williams, Hutchinson and Wickens (1996) , who compared participants' spatial knowledge of an environment when they flew a route in an aircraft simulator either with, or without, a map. Participants who flew with the map drew significantly more accurate sketch maps after the flight but got just as lost as the other participants when asked to fly back to their start point, and this suggests that the map participants were unable to apply their superior spatial knowledge to a routefinding situation.
Optimum Scaling
The principle of optimum scaling is concerned with the scale of a display. It is dependent on the type of environment and tasks that are to be performed and, therefore, should be investigated experimentally (Roscoe, 1968) . With maps, the optimum scale is a compromise between a small-scale map that shows all the places a person might go and a larger-scale map that helps the person improve their navigational precision. The effects of scale on VE navigational aids are discussed in the following section.
Navigational Aids for Very-Large-Scale VEs
The above VE and aircraft studies show that dynamic YAH maps are one candidate for effective navigational aids in very-large-scale VEs. These maps obey the principle of pictorial realism, because they graphically show people's position in environments, and may be designed using visual momentum to incorporate the advantages of both maps that have a constant (north-up) orientation and forward-up maps that are always aligned with environments.
The amount and detail of a VE that may be displayed in a single view of a map depends on the map's scale. A small-scale (global) map may show the whole of a VE and its major features in a single view. This type of map theoretically gives people sufficient information to conduct an efficient uninformed search because they can see their global position at all times and, therefore, should be able to search all of an environment by traveling over each part once. A global map may also allow people to perform an efficient informed search if they can remember objects' approximate global positions, because they will be able to travel directly to them. One disadvantage of a global map is that, due to it's small scale, it is unlikely to show the position, shape or identity of small objects and features. Therefore, people can only see objects and features by looking in their direction while in their immediate vicinity.
As the scale of a map increases, more detail becomes visible but people must integrate information that is learned from many different positions to develop accurate spatial knowledge. From a practical point of view, a local map shows the immediate surroundings of an object, but does not directly show its global position or the relative position of two objects if they lie more than a certain distance apart. People also have to integrate information from many different positions when they use a human's-eye perspective to learn the layout of large-scale environments by navigation, and this substantially increases the time that they require to develop accurate spatial knowledge when compared with learning from a single, plan-view perspective (a map; see Ruddle et al., 1997; Thorndyke & Hayes-Roth, 1982) . This means that people who learn the layout of very-large-scale VEs from local maps may develop their spatial knowledge in a manner which was previously associated with learning by unaided navigation.
The scale of a local map may be such that the presence of small objects in a VE can be detected, but the exact nature of the objects can not be determined (of course, as is the case with the global map, this may be seen in people's normal, "human's-eye" view of the environment), or the map may use an even larger scale so that objects' shape and identity may also be determined at the expense of displaying even less of the VE. However, one advantage of a local map over a global map is that people may detect objects whenever they are within the map's bounds, even if the people are facing in another direction. Therefore, they are less likely to travel past objects without noticing them.
A navigational aid may also consist of both local and global maps. This type of aid may combine the advantage of the global information offered by the global map with the advantages of local context and object detection offered by the local map, providing the benefits are not outweighed by the attentional demands of the increased amount of navigational information (i.e., two maps rather than one).
Other types of aids include landmarks, grids, numerical coordinates and a compass. Landmarks and grids must be incorporated within the VEs and, therefore, change the environments themselves, something that may not be acceptable in all situations. Numerical coordinates and a compass may be combined to form an aid that does not alter environments, and provides both position and orientation information (the basic information that is required for efficient navigation), although the position information is not pictorially realistic. Moreover, this combination of aids does provide sufficient information to allow people to use lawnmower search strategies.
The following experiments investigated the effects of different navigational aids when participants navigated very-large-scale virtual seascapes. The first experiment used five display conditions: (a) no aids, (b) a global map, (c) a local map, (d) local and global maps (the L&G map) , and (e) numerical coordinates and a compass. All the maps were displayed using a constant, north-up orientation and were dynamic YAH maps which used visual momentum to indicate participants' position, direction of view and direction of travel.
The first condition was chosen as a control condition to investigate how effectively participants could search the VEs without any supplementary aids. The map conditions were chosen to investigate the effects of different scales (see above). The global map's scale showed the whole of a VE but in a small amount of detail, the local map's scale was chosen to simulate a situation where small objects could be detected but not uniquely identified, and the L&G map was a display which combined the information that was available in the global and local map conditions. Darken and Sibert (1996a) did not find a clear advantage of a map over other navigational aids. For this reason the fifth condition was included, and the coordinates and compass were chosen in preference to landmarks and a grid because the former give precise position and orientation and are added to the display rather than the geometric structure of an environment itself.
Experiment 1
In Experiment 1 participants used each of the five display conditions to perform an uninformed search and then an informed search. In the uninformed searches participants had to search previously unknown VEs for nine objects, and in the informed searches participants had to revisit five of the objects they had previously found. The environments and search tasks were based on those used by Sibert (1993, 1996a) , and the metrics used to determine participants' spatial knowledge were similar to those used in earlier studies that investigated navigation in large-scale virtual buildings (Ruddle et al., 1997) .
Method
Participants A total of 10 participants took part in the experiment. They were divided into five groups, which each contained one man and one woman. Each participant underwent a practice session and then navigated five different virtual seascapes using the five different display conditions identified above. The display condition used to navigate each seascape, and the order in which participants used the display conditions and the seascapes were counterbalanced using a Latin Squares design. All the participants were either undergraduates or graduates, who volunteered for the NAVIGATING VERY-LARGE-SCALE VIRTUAL ENVIRONMENTSexperiment and were paid an honorarium for their participation. Their ages ranged from 19 to 38 years (M = 24.7). Two participants asked to withdraw during the practice session and were replaced in the experiment.
Materials
VE. The experiment was performed on a Silicon Graphics Crimson Reality Engine, running a C++ Performer application that we designed and programmed. The display was a 21-in. (53 cm) monitor and the application update rate was 20 Hz.
The seascapes were designed to be similar to those used by Sibert (1993, 1996a) . Each of the six seascapes (one practice seascape and five test seascapes) measured 100 X 100 arbitrary units and contained a blue texture mapped "sea" and four "islands", the outlines of which were copied from an atlas. Each island's terrain was green and was made up of a flat interior, 250 units above sea level, and cliffs which dropped vertically into the sea.
Each seascape contained three-dimensional models of the same nine everyday objects (a bowl, a cake, a car, a clock, a cup (a mug), a house, a cooking pot (a saucepan), a toaster, and a truck), each of which had a familiarity rating of at least four out of five (Snodgrass & Vanderwart, 1980) . The objects' position was different in each seascape and was determined using random offsets from a 3 X 3 grid. The objects were always situated at sea level and on the sea. No two objects could be seen simultaneously either in the environment or on the local map (see below). All the objects were scaled so their size was approximately 0.07 X 0.07 X 0.07 units. This meant the objects were nearly invisible when seen from a distance of seven units and Performer's level of detail facility was used to automatically cull objects from the display if they were at a greater range than this (this caused a slight visual "popping" effect if participants looked at an object when it crossed the culling range). The distance of 7 units was determined during a pilot study. When a larger distance (25 units) and correspondingly larger objects were used, participants found the objects quickly by chance, even in the no aids condition.
To define what was seen on the monitor, the application had to specify the height above the sea at which viewing took place. Navigation has been found to be easier when people were allowed to use an elevated ("bird's-eye") view, particularly in situations where no supplementary aids were provided (Darken & Sibert, 1993) .
Therefore, participants' view height in the present study was elevated and set to 0.4 units above sea level, equivalent to the maximum height allowed by Darken and Sibert (1996a) . The center of the screen was marked using a small green square (the targetsight).
An interface which allowed participants to look around while traveling in either a straight line or a curved path, was provided by using the mouse and five keys on the keyboard. The mouse controlled the view direction in three ways: (a) By holding down the left or right mouse buttons, a full 360° horizontal rotation could be performed, (b) By using the mouse to move the cursor up and down the screen, the vertical view direction (pitch) could be changed by ± 90°, and (c) By using the mouse to move the cursor away from the center of the screen the horizontal view direction changed by an amount which increased with the mouse's horizontal offset from the screen center.
Method (c) also caused a participant's direction of travel to change and, therefore, allowed them to travel in a curved path. Four of the keys allowed the participant to slow down, stop, speed up, and move at the maximum allowed speed (5 units/s). The fifth changed the participant's direction of movement to the current view direction. All participants mastered this interface without difficulty. Participants were prevented from traveling beyond the edge of the VE by a collision detection algorithm.
Display conditions. Figures 1 and 2 show examples of the screen layouts that were used for the display conditions. The layouts consisted of a large viewport which showed a human's-eye view of the VE and either zero, one, or two smaller viewports which contained maps. The horizontal FOV of the human's-eye viewport was the same for all five conditions (45°), and corresponded to the angle subtended by the monitor when seen from a normal viewing distance (50 cm). The vertical FOV of this viewport objects to be found was displayed on the screen and when participants found an object they centered the target-sight over the object and pressed the "y" key. This caused the object to be removed from the list, but the object itself remained displayed within the VE. When participants had found the ninth object they started the informed search stage.
During the informed search participants revisited five of the objects in a specific order, using the knowledge they had gained about the VE's layout, and at each object made estimates of direction (compass bearing; the VE-orientation data) and of straightline distance (VE-straight data) to the other eight objects in the VE. At all times, the name of the next object to be found was displayed on the screen. Participants indicated they had found the object by centering the target-sight over the object and pressing "y" key. This caused the VE software to move participants until they were directly above the object. The participant then estimated the direction to each of the other objects by rotating their viewpoint until they thought they were facing the object and indicating this by pressing the "y", key which caused the view direction to be recorded. Then a Motif (UNIX) window was presented eight times and participants entered estimates for the straight-line distance to each of the other objects. Once all the direction and distance estimates had been performed a message was displayed on the screen which named the next object to be revisited. Thus the order of objects to be revisited was only revealed one object at a time.
The practice plan-view test was a computerized version of the paper plan-view test used in studies that investigated spatial knowledge development in virtual and real buildings (Ruddle et al., 1997; Thorndyke & Hayes-Roth, 1982) and took approximately 10 min to complete. For the computerized version, 40 similar screens were displayed. Figure 3 shows that the position of two of the objects was marked on each screen and the name of a third object was displayed in the top left-hand corner. The initial orientation of the objects was random but, by holding down the left or right mouse buttons, the participant could rotate the display to any other orientation. The scale of all the displays was the same. For each screen participants moved the mouse until they thought the cursor lay over the position of the third object, relative to the other two objects, and pressed the space bar. This caused the objects estimated position to be recorded and the next screen to be displayed.
Test procedure. During the two test sessions participants performed five tests, each using a different seascape and a different display condition. Each test comprised a VE test followed by a plan-view test, and these followed the same procedure as the practice VE test and the practice plan-view test described above. The tests for two of the display conditions were performed in one session and the tests for the remaining three display conditions were performed during the other session. Participants' were given unlimited time for each VE test and their movements through the VEs were recorded continuously for later analysis. However, an hour after the start of each test the experimenter offered to intervene and take participants to the remaining objects.
Results

Preliminary Data Analysis
Only the data from the five test display conditions was analyzed. The efficiency of participants' uninformed searches was measured by calculating the total distance they traveled and the time they took to locate the nine objects. The minimum distance participants had to travel to conduct an exhaustive search of one of the seascapes and, therefore, be sure of finding all nine objects, was approximately 700 units. If they always moved at the maximum possible speed, this took 140 s. All except one participant successfully completed the uninformed search in each test. This participant had still not found one of the objects after browsing for an hour during the coordinates/compass condition. At this point the experimenter intervened and "took them" to the object. To analyze the data this participant's uninformed search time and distance for this condition were set equal to the maximum of any participant when using any of the aids. Participant means for the distance and time measures correlated very highly, r = .88, p < .01, so the distance traveled was used for the statistical analyses.
The efficiency of participants' informed searches was measured by computing the distance they traveled to visit all nine objects in excess of the minimum possible distance as a percentage of the minimum, the percentage extra distance traveled (PEdistance). A similar calculation was computed using time instead of distance, with the minimum possible time calculated by dividing the minimum possible distance by the maximum speed of movement (5 units/s). Participant means for the two measures correlated very highly, r = .97, p < .01, so the PE-distance metric was used for the statistical analyses. Each participant's appreciation of the relative distances between the objects was calculated by correlating their VE-straight distance estimates with the corresponding distances between objects in the VE, and normalizing the correlations' using Fisher's r-to-z transformation. Each participant's direction estimate accuracy was determined by calculating the mean angular error of their VE-orientation estimates.
All the participants successfully completed the informed search when using the L&G map and the local map, but the experimenter intervened with one participant in the global map condition, and five participants each in the coordinates/compass and no aid conditions. In situations where this occurred participants' PE-distance data were set equal to the maximum values of any participant when using any of the aids.
As in the studies by Thorndyke and Hayes-Roth (1982) and Ruddle et al. (1997) , each participant's plan view test data was used to calculate the mean angular error of their estimates, relative to the two marked locations on each of the 40 screens, and the correlation of the distances between the participant's estimated object positions and the actual distances. The distribution of the latter data was then normalized using Fisher's r-to-z transformation.
Uninformed Search
The distribution of the distances participants traveled during their uninformed searches was normalized using a logarithmic transformation. A repeated measures analysis of variance (ANOVA), illustrated in Figure 4 , showed there was a main effect of display condition on the distances participants traveled, F(4, 36) = 7.46, p < .01.
Planned contrasts, summarized in Table 1 , showed that participants traveled significantly shorter distances when using either the L&G map or the local map than when using the global map, the coordinates/compass, or no aid. However, even when using the L&G map, participants traveled slightly more than 70% farther than the minimum possible distance.
Informed Search
The distribution of participants' PE-distance data was normalized using a logarithmic transformation. A repeated measures ANOVA, illustrated in Figure 5 , showed there was a main effect of display condition on PE-distance, F(4, 36) = 12.85, p < .01. Planned contrasts, summarized in Table 2 , showed that participants traveled significantly less extra distance when using the L&G map than in any other of the conditions, and traveled significantly shorter distances when using either the local map or the global map than when using the coordinates/compass or no aid. Even when using the L&G map, participants traveled an average of 80% farther than the minimum possible distance.
The distribution of participants' mean VE-orientation estimate errors was normalized using a logarithmic transformation. A repeated measures ANOVA, illustrated in Figure 6 , showed there was a main effect of condition on the accuracy of participants' estimates, F(4, 36) = 22.81, p < .01. Planned contrasts, summarized in Table   3 , showed that participants made more accurate estimates when using either the L&G map or the global map than when using the local map, the coordinates/compass, or no aid.
Participants' sense of the relative VE-straight distances between the objects was analyzed using their Fisher's z data. A repeated measures ANOVA, illustrated in Figure   7 , showed a similar pattern of results to the VE-orientation data. There was a main effect of display condition on participants' sense of relative distance, F(4, 36) = 12.58, p < .01, and planned contrasts, summarized in Table 4 , showed that participants sense of relative distance was more accurate when they used either the L&G map or the global map than when they used the local map, the coordinates/compass, or no aid
Plan View Test
This test was designed to compare the effects of the different display conditions on participants' ability to transform their spatial knowledge to the perspective used to display the maps (a plan-view). A repeated measures ANOVA, illustrated in Table 5, showed there was a main effect of display condition on participants mean direction estimate error, F(4, 36) = 4.44, p < .01. Planned contrasts showed that participants' direction estimates were significantly more accurate when they used the global map than when they used the coordinates/compass, F(1, 9) = 13.40, p < .01, or no aid, F(1, 9) = 10.91, p < .01, and were significantly more accurate when they used the local map than when they used the coordinates/compass, F(1, 9) = 4.98, p < .05. None of the other differences was significant.
A repeated measures ANOVA, illustrated in Table 6 , showed there was a main effect of display condition on participants sense of relative distance, F(4, 36) = 3.38, p < .05. Planned contrasts showed that participants' sense of relative distance was significantly more accurate when they used the global map than when they used the local map, F(1, 9) = 5.37, p < .05, the coordinates/compass, F(1, 9) = 12.66, p < .01, or no aid, F(1, 9) = 6.07, p < .05. None of the other differences was significant.
Search Strategies
As well as analyzing navigation performance and spatial knowledge, we investigated the strategies that participants used to search for the objects. To do this we wrote a second Performer application that displayed the paths traveled by each participant, overlaid on a plan view of the appropriate VE. The shape of the paths varied widely and this meant that our attempts to determine the search strategy associated with each path were highly subjective. However, the search strategy data do provide an insight into how, rather than how effectively, participants searched and, therefore, are a useful supplement to the main body of data described above.
Initial analysis of the paths indicated that participants regularly used only four identifiable search strategies. These are illustrated in Figure 8 and were: (a) edge, (b) lawnmower, (c) via object, and (d) direct. In edge searches participants followed the edges of the islands and the VE boundaries, and lawnmower searches were characterized by movement in straight, parallel and perpendicular lines. Via object and direct searches were only applicable to the informed searches, for which participants already had knowledge of the target objects' location. Via object searches were where participants travelled to an object(s) they had previously visited and then travelled directly to the target object, and direct searches were those in which participants travelled in an approximately straight line directly to the target objects. Participants' paths which did not fit any of the above four search strategies were classified as other.
Once the above common strategies had been determined, two judges independently rated the paths by awarding one point to the strategy that most closely matched each participant's path to each object during the uninformed and informed searches. Despite the subjective nature of the rating process, the judges agreed on the strategies associated with 78% of the paths although a large number of these agreements were classified as other. Table 7 shows that participants frequently used an edge strategy for their uninformed searches but rarely used a lawnmower strategy, despite the fact that this type of search represented a very efficient way of locating all the objects. Table 8 shows that participants' strategies varied more between the different display conditions for the informed search than for the uninformed search, and this may reflect differences in the spatial knowledge that participants had developed. With the L&G map participants frequently remembered the position of objects and moved directly to them. The postprocessing software was also used to determine the number of times participants missed objects (traveled past an object they were searching for without detecting it; see Table 9 ). The most common situation in which this occurred was when participants NAVIGATING VERY-LARGE-SCALE VIRTUAL ENVIRONMENTSwere not provided with the local map and were facing away from the object when they traveled past.
Discussion
Overall, and as expected, the L&G map was the most effective display condition, although the local map was equally effective when used for the uninformed search.
When performing the informed search with the L&G map, participants traveled approximately 1/3 of the distance that they traveled when using the local map or the global map, and approximately 1/11 of the distance that they traveled when using the coordinates/compass or no aid. However, even with the L&G map participants traveled 80% farther than necessary, although their direction and distance judgments indicate that they knew the approximate locations of the objects.
In keeping with the findings of Darken & Sibert (1996a) , edge following was the most commonly used strategy in the uninformed search and participants seemed to perform this by anchoring their searches around recognizable features in the VEs (the island and VE boundaries). Following a lawnmower pattern would have been much more efficient but was rarely used. Given the difficulty that participants had finding the objects in conditions such as the coordinates/compass, it was surprising that they did not use a lawnmower strategy more often. In fact, one participant commented that they tried to find one particular object using this strategy but was unable to do so! This suggests that people may need to be trained to perform lawnmower searches.
The plan view test investigated participants' ability to transform their knowledge of the objects' position to a plan view (map) perspective. Participants' direction and relative distance estimates in this test were expected to be most accurate with the global map and the L&G map because in both of these conditions participants were directly shown their global position each time they found an object. In fact, there were fewer significant differences between conditions in the plan view test than for the corresponding data in the VE tests. This may be attributed to additional sources of experimental error which each added to variance in the data, namely the facts that: (a)
The test measured participants' knowledge after they had left a VE, (b) The test screens used a different scale to that the global map, (c) The screens did not show the islands' outline (reference information which was shown on the global map), and (d) Tiredness caused by the length of each test session (approximately 3 hr).
One intriguing result was that, although participants traveled shorter distances in the L&G map condition than in the global map condition, their distance and direction estimates were slightly more accurate in the latter for both the VE and the plan view tests. A possible explanation is that participants learned the position of the objects more accurately in the global map condition by necessity, because they had such difficulty finding them (see Table 9 ).
By contrast, although participants traveled similar distances in the local and global map conditions, the inferior VE-orientation and VE-straight performance for the local map show that in this condition participants had only a vague idea of objects' relative positions. This echos the situation that is found when people learn spatial knowledge by unaided navigation (see Ruddle et al., 1997) .
Another unexpected outcome was that no significant differences occurred between the coordinates/compass and no aid conditions. In fact, most of the data indicated that participants performed marginally worse when using the coordinates/compass. In both of these conditions participants experienced difficulty finding the objects in the informed search but it should be noted that the mean values for their VE-orientation and VE-straight data were more accurate than those that would have been produced by random guesses (respectively, 90° and zero).
Experiment 2
Experiment 1 demonstrated the overall superiority of the L&G map when participants search unfamiliar, very-large-scale VEs but left unanswered questions that concerned the local and global maps. In particular, would extended navigation with the global map on its own ultimately prove superior to the L&G map, as suggested by the direction and distance estimate data, and would participants' knowledge that was acquired using a local map continue to develop in a manner that is usually associated with learning from unaided navigation?
For Experiment 2 the three map conditions were used. In each condition, participants searched a VE for nine objects (an uninformed search), and then searched the same VE three times for all the objects (informed searches). The coordinates/compass condition was not used because Experiment 1 showed that it was not an effective navigational aid.
Method Participants
A total of 12 participants (four male and eight female) took part in the experiment and were randomly assigned to one of three groups. Each participant underwent a practice session and then navigated three different virtual seascapes using the three display conditions identified above. The display condition used to navigate each seascape, and the order in which participants used the display conditions and the seascapes were counterbalanced using a Latin Squares design. All the participants were either undergraduates or graduates, were different to the participants who took part in Experiment 1, volunteered for the experiment and were paid an honorarium for their participation. Their ages ranged from 18 to 39 years (M = 21.3).
Materials
The experiment was performed using the same hardware, software application and interface as Experiment 1. The practice VE was the same as that used in Experiment 1 and the test VEs were three of those used in Experiment 1. The display conditions used the same screen layouts as the corresponding conditions in Experiment 1.
Procedures
Participants were run individually and were told that the experiment was being performed to assess people's spatial knowledge in VEs. Each participant underwent a practice session, which lasted up to 2 hr, and then three test sessions, which each lasted up to 3 hr. The test sessions were always performed during a single week.
Practice procedure. During the practice session, participants were first allowed to become familiar with the controls using the practice VE. Then participants performed a two-stage practice test, using a display which contained both types of map that were used in the three test sessions (i.e., the L&G map, see Figure 2 ).
The first stage of the practice was the same as Experiment 1's uninformed search and when participants had found the ninth object the VE software stopped. The second stage of the practice was similar to the informed search stage of Experiment 1.
Participants searched for all nine objects in a specific order, and indicated they had found each object by centering the target-sight over the object and pressing "y" key.
Participants' initial position was set so that they were beside the first of the nine objects that had to be found. At the first, third, fifth, seventh and ninth (last) object, participants performed direction and distance estimates for the other eight objects, using the same procedure as in Experiment 1 (the VE-orientation and VE-straight data).
Test procedure. Participants used a different display condition and a different VE in each of the three test sessions. Each session was split into four stages. In the first two stages, participants searched a VE for the nine objects in any order. In the third stage, participants searched the VE for the nine objects in a particular order and performed direction and distance estimates at five of the objects. The fourth stage was the same as the third stage, except that the objects were searched for in a different order. Participants' initial position was different for each stage, but was always beside one of the objects (in stages three and four, this was always the first object that was to be searched for). Participants were allowed up to 45 min to complete each stage. If they had not completed a stage by this time the experimenter intervened and took them to the remaining objects, where they performed the direction and distance estimates (Stages 3 and 4 only). Then the participants continued with the remaining stages of the test.
coordinates and a compass, or other similar aids such as a virtual sun, are not a suitable for the navigation of very-large-scale VEs unless people are trained to effectively use them.
In situations where there is only sufficient space for one map the data from the present study suggest that the optimum scale of the map depends on people's knowledge of the VE. If people have little (or no) knowledge of the VE a local map is likely to be a more effective aid than a global map. However, once people develop some knowledge of the VE the information provided by a global map allows people to travel through the environment and search more efficiently than when using a local map. On the other hand, designers of environments for computer games and puzzles that involve spatial exploration may wish to only provide a local map to deliberately restrict the rate at which users develop knowledge of VEs' layout.
In keeping with the findings of Darken and Sibert (1996a) most participants used an edge strategy more often than any other strategy to perform the uninformed searches. Even in the controlled setting of the laboratory, where there was a specific task to perform, they tended to use this strategy in preference to more efficient strategies such as a lawnmower strategy. It seems that participants preferred to anchor their searches around the major topological features in the environment (the islands and environment edges), rather than search throughout the environment. This has implications for VE designers, who may consider placing the locations they want people to visit near major topological features, or displaying certain features on maps of VEs to influence where people are likely to travel. Within applications such as virtual shopping malls, these manipulations could be used to promote prime locations for virtual shops, in the same way as shops situated in the central parts of towns typically attract a higher rent than shops situated in less frequented places.
Finally, the VEs used in the present study allowed participants unconstrained movement and, therefore, they could move directly to any position. In some VE applications people's movement is constrained to routes that are defined by solid 
